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What is Nano? %‘

Nanotechnology:

“Research and technology development at the atomic, molecular or
macromolecular scale leading to the controlled creation and use of structures,
devices and systems with a length scale of approximately 1 — 100 nanometers
(nm).” (Source: National Nanotech Initiative)

“Whether a material or end product is engineered to exhibit properties or
phenomena, including physical or chemical properties or biological effects, that
are attributable to its dimension(s), even if these dimensions fall outside the
nanoscale range, up to one micrometer (1,000 nm)”(US FDA)
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Chantecaille Nano Gold | Trucare Nano Silver Toothpaste Melaklear Nano Alpha Arbutin
Energizing Cream ! aAnti Bacterial, Fights Ulcers anti Melasma Spots SPF20 Skin
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Examples of products containing nanumaterials% HCL
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> 800 companies worldwide use nanntechnnlngﬁ HCL

in Cancer
s Bl B 1
Nanalethndhegy

Manotechnology Products, Applications & Instruments

(Links listed alphabetically)
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Shoawing results 1 - 25 ol &sf

Angstrém Agrospace Corporation (Sweden)
Argstrm Arvonpace Corpor ation mission is o develop and prosvide produects, induding
LervicEs based on sate-of-the-art RMicora-ElectrofAechanical Systemd [(RMERYS) and
narstechnologees. Using achanced 3-demensional waler kevel packaging, Angstram
SETOED Al emalles 3&5ﬂtﬂm-‘ﬁ-P&ﬂ.ﬂE it leEs that enabies unpresecented

i waalaihifies o coanlames e re-elec liaar s+ &l RFRS ".l-J'r'..l':t'ﬁIf'.ﬁ Tiiakors

10 Angstroms [LUsa) Mewver
10 Angstroms is dedicated to bringing innoyvathee dritoms and cquipmaent B the Subsor
narotechnology RED market, The compary provides both sales representation and servie. 99
for achvanced instnemesndation coimpeenies.
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Potential Routes of Nanoparticle Exposure
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=  Exposure to industrial and environmental
nanomaterials may impact human health

=  Many reports in the current literature
about mechanisms of nanoparticle toxicity
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Manoparticles for Medical Applications

Properties attractive for medical applications

* Improve selubility of hydrophobic drugs

= Multifunctional capability

* Target tissues and cells affected by disease

Applications

* Gene therapy

* Drug delivery

* Immunotherapy

* Tissue engineering

* Diagnostics

= Devices

* Image-guided surgery

= Imaging agents
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Evolving Landscape of Nanotechnology Products NCL [wiiii,

Global Nanotechnology Market (2015)

= Emvircnmienta
= Eleciranics
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Global Nanotechnology Market in 2015 was
dominated by environmental, electronic and

consumer products
= Liposocme = Silica MP
s Manocrystal s Drug-lipld complhex
= Emulsion = Drug-metal complex
= lron-polymer complex = Protein NP
= Micelle Drug WP
= Orug-protain complex = Zalid lyped MNP
® Drug-palymer complex = Manatube
s Dendrirmer Metal-protein complex
= Polbymeric MP Mietal-nonmetal complex
= hanobubils Metal-polymer complex

A A A MoresF Moes bnchvasloagy Al DAl

CAGR rates (2016-2021)

- Biomedical
= ConSumer
= Electnomics

Biomedical Applications of Nanotechnology
are predicted to have the highest 5-year
compound annual growth rate by 2021

(19T 25>

Liposomes, Nanocrystals
and Emulsions dominate
current nanomedicine

landscape
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Benefits: Immunotherapy 3 I‘JCLlnﬁﬂ"‘cﬁuhs
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T T T e e e T cancer immunotherapeutics in

e e it s wfies S0 Remplambalon CT26 mouse model of colorectal
cancer

The I ot hera 1 UV livo & Abraxane for Recurrent HER=2 =MNegative
Metastatic Breast Cancer

A Fhase § Opore ol RBudtecoaler, Sodfiody Sfody of Nnaodamab (BAS

¥36558) in Combination With Nab-Paciitaxel Plus or Minus Gemcitabine in Abraxane is investigated in
Pancroatic Cancer, Nab-Pacitauxel  Carbopiatin in Stoge WIBAV Non-Sma combination with a-PD-1 in
eTOaTT R clinical trials for metastatic

breast cancer
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Benefits: Gene therapy 3 HCL‘HE%J&H
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Liver TTR protein Amyloid deposits

Transthyretin (TTR) is o protein A ganaetic mutation n the TTR geno Arnylokd doposits build ug in

primarity made in the B causes the TTR profoein to foarm different parts of the by,

chustors known as amylodd dep-osils kading Lo symploms of hATTH

Ty kcedosks
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Benefits: Vaccines 3 NCL ‘uﬁﬁmﬁéw

E__KJI' PIS Biotechnology

Mechanism of Action:
=  Activates Both CD4+ and CDB+ T-cells

=  Stimulates Type | interferon response
= Alters tumor micro-environment

PDS0O101/ Versamune®
Indication Partnar Combination Status
Head & nech cancer
Firsi e reainent .E.. MERCE KEYTRLUICA® Initiale Phasae 2 10 200"
Recumanlimetastabe
FDS0901 . PT— )
(HPV-Cancgr]  Advancoed HPY cancoprs R P —— Initiale Phasae 2 10 2020
Convical cancar g
Stage llb-va raciotherapy FPhasea 2 ready

=  HManoparticles (lipoplaxes, polyplexes, liposomes) weara shown to improve vaccine efficacy
«  Dneg example of such platforms is shown on this slida

= Versamune platform is being explored for combination therapies
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Benefits: lymphatic delivery % ‘ -
* j.d. injection
A - = Examine draining lymph nodes
- o Draining hymph nodes

100nm

ZInm

Smealler partsclhes travel tThirough lymphatics, Larger pariiclies 4o nol.

Eedddhy 5T ef 8l = Blalderl] JA {500V) Mamnee Betorh , 25 (0D 1591 Lisd

100-NF's

Particle distribution to lymph nodes after i.d. injection depends on their size
Lymphatic delivery benefits vaccines, HIV and infectious diseases therapy




nci Alliance for
Nanotechnology

Allinfics v
hFI Hjnrlc-:hnrll:-u..

View of localized region in peritoneal cavity of an ovarian cancer patient as seen
with the naked eye (left) or with the aid of a tumor-targeted fluorescence dye (right).

bt ffmedicalepress, comyfeswes ) ML T -0 -1as b nolagy- oot - g b -avvsar i n -canger =g gary, hiteril
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Formulation Biodistribution Toxicity

Doxorubicin HCI
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* Cardiotoxicity

= Both nanocarrier and APl can be toxic
= API toxicity can “relocate” depending on the particle biodistribution
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Terminology

Some terminology 3 NCL ‘H:;.z‘.!,ﬂ?;.;w

= The innate immune system recognizes microbial products that are often
essential for survival of the microbes (PAMPs)

« The innate immune system also recognizes endogenous molecules that are
produced by or released from damaged and dying cells. These substances
are called damage-associated molecular patterns (DAMPs)

« The innate immune system uses several types of cellular receptors,
present in different locaftions in cells, and soluble molecules in the blood

and mucosal secrefions, to recognize PAMPs and DAMPs

 RERE
B REVIEWS bremar i o Piindegy: Mt of ki

Wi iy S e S mmd e yE Rl B— ) megEe—— - = B
i T o e S Sy EE B oS i |
Clear and present danger? Enginesrned

nancparticles and the immune system gl bl A5 g Pl K

R R N L T
e e P o e ey 8 e e e g ek e e b m——
—m——— e ——— g m g e e e e e — g W =

NAMPs= Nanoparticle Associated Molecular Pattern B R
LAMPz= Life-style Associated Molecular Pattern



Immune system

Nanoparticles and the immune system 3 HCL‘H:‘.;.:.'“H“A?.:.T.:.;,

MNanoparticles and the Immune System @

Stranger

Made of or Targeted with PAMPs
(Break of the Immunological Tolerance)
Unfolded Proteins

Manoparticles” Inner Propoerties —
Poerceived as Danger

Hydrophobicity, Charge, etc.

MNanoparticles Causing the Release
of the Danger Signals
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Particle size influences protein binding Mo
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5nm 10 nm 25 nm 50 nm

Figure 2. Size of proteins in the corona compared to nanoparticles of varying diameter.
Nanoparticles are represented in blue and the diamerter is given by the number under cach
particle in nm. Serum albumin®! is shown in red and scaled relative to the nanoparticles. High-
density lipoprotein is represented by orange spheres at a size of 12.5 nm diameter.

Cedervall Tet al, 2016. Hondbook of Immunological properties of engineered nanomaterials
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Nanoparticles and the immune system 3 INCL |ninstechnciony
Engineered Nanomaterials Accidental Nanomaterials
(designed for biomedical use) > (uncontrolled)
- e
£E!$ - — - ig o«
plev o {.’.IT{:E o, [ ™ @
0 Hrabye —
o
@ Immunotoxicity — N

(_NDesiable __ Undesirablel_)

Hypersensitivity reactions

Anaphylaxis

Coagulopathy

Lower body's defense

to pathogens and cancer

Suppressed bone marrow
and thymus function

|

= Increase vaccine efficacy

= Cancer immunotherapy

= Therapy of inflammatory
disorders

= Autoimmune disease therapy

= Infection disease therapy

‘. Good TN

Dttt il e A LAl el O BTl Oty T O iy P A .
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Nanoparticles and the immune system 3 ShSE

€« Plasma Proteins
&« Biodistribution and MPS uptake
e« Effects on erythrocytes
¢ Blood coagulation system
« Platelets
¢« Leukocytes
&« Endothelial cells
e« Allergy
&« Complement activation
e« DTH
&« Cytokines

€ Immunogenicity



Bidirectional communication

Bidirectional Communication between %%NCL
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Nanoparticles and Proteins

Influence on Change in Interference
Particle Physicochemical Dissolution with
Distribution Characteristics Targeting

Interaction with e Formation oo 2 Changes
Coagulation gctwa'::'n °: of Amyloid Actlv:-ty Gain to Protein N?xo Espu':: £
Factors omplement | | giructures OF ~Oss Stability o=

Binding of proteins to nanoparticle surface result in changes in particle properties
Properties and function of some proteins may also change after binding to the nanoparticle
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Protein binding affects particle size %NCL

BEFORE

DLS Taba T Dneeles. Brp " vt

. 20
" ! | 76 nm |
i s "l j
. 1o
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200 00 - T
Feow [d e

Incubation with human plasma increases hydrodynamic size of nanoparticles

Dobrovalskalo ef al, [2009]), Nanomed, Nonatechnal, Biol, Med., 5:106-117. 19



Biodistribution

Protein Binding and biodistribution 3 NCE [nEnotechncioay
in vitro in vivo
Protein analysis TEM analysis of particles uptake by
by 2D PAGE ) macrophages

Dobrovolskaia et al,, (2008), Mol Pharm., 5:487-495

« Particles which bind proteins are eliminated by MPS
» Particle surface protection (e.g with PEG) reduces protein binding and MPS
« Good correlation between in vitro and in vivo




MPS uptake
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Capture Hijacking

C 20

@ Spleen 2 \
4 Monocytein

Bloodstream

Spleen

* Two theories about nanoparticle distribution to the MPS
* Capture — uptake by phagocytic cells in the tissue
* Hijacking — uptake by circulating phagocytic cells which then take the particle to tissue

Zamboni et ol, Hondbook of Immunological properties of engineered nanomateriols{2016). V3



Macrophage polarization
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Manoparticles Influence Macrophage Polarizatio

- Macrophages can acquire distinct functional capabilities depending on the
types of activating stimuli they are exposed to

« Classical M1 macrophages (efficient at Killing microbes)

= Alternative activation M2 macrophages (efficient at tissue remodeling
and repair)
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Revdchel et al, 2005 377 ): 66-88. dol 10, 7750/ nfno. FO05F
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May $y"nOooms of
Acute hemolytic reaction

Neutral
Anionic \ / Cationic

Role of Nanoparticle Role of Nanoparticle
Size Surface Charge




Hemolysis
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Hemolysis

Composition Terminal groups Effects of Size
o G065

30
H o 25
O‘NTN"JLUH 2 20

O =
/ Succinamic Acid :‘.‘E’ 1=
= 10
5

— O_NH2 e NC PC G3-MHZ2 GE-MNH2

o el e . Amine Effects of Surface Charge
e S W
T e . OB 520 S%%
EDA core D
PAMNMAM -
. Q—“N—OH £ -
Dendrimers H s
[} s
G3-G6 Ethanolamine :
as
= Cationic dendrimers are more hemaolytic than their anionic s
and neutral counterparts of the same size . D ] . - ) D . i
= Larger dendrimers are more hemolytic than smaller NC PC NH2 CO0H -OH
MNCL data

MC = negative contral;; PC = pasitive control; EDA = ethylenediamine; PAMARM = pohy[amidoamine)

ut



Coagulation system
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Coagulation system INCL

Nanoparticles can be engineered to avoid or specifically interact
with coagulation system.

Q > :
N L e
= =
= _/\!“Q =3

AN

Procoagulant

Hinskaya A& Dobrovolskaia MA. Handbook of Immunological properties of Engineered Nanomaterials (20186), Vol 2



Undesirable effects

Undesirbale effects on

coagulation
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Contact Binding and
activation depletion of
coagulation

rfactors

W,

P
- Platelets
Direct Influence on
activation agonist induced
activation
Exaggeration Inhibition

Endothelial cells .,,/

- ="

Cytoxicity

N

Induction of
inflammation and
oxidative stress

inskayvao A& Dobrovolskaia MA. Handbook of Immunologicol properties of Engineered Naonomateriols {(2016), Vol 2 -~



Zeta potential
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Platelets: role of zeta potential

8

100
g

aaf
o

5% Platelet A
WS
533833883

=

§

PBS Collagen 100 75 50 25 12.5 o

— —

GS-MNH2 PAMAMN 100 pgfiml, %o of surface amincs

Zeta Potential is important
Less surface amines = less platelet aggregation




Platelets
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Platelets: effect of composition %NCL Nanotechnoiogy
100 i N
% 907 O e NG
.E 80 ’ ";;.‘-H ‘;:-.L :-::... ’ ":.ii
W™ 70 LT 5
ar - T, =4
Y 60 "N 23
[=Ts]
< 50 m Triazine
% 40 = PAMAM
& 30 £
a- 20 -?;.(""

G3 G7 -
AL

N - ) %
NH,-terminated dendrimers, 1 pM

Triazine dendrimers are less potent in inducing platelet aggregation than their
PAMAM counterparts

Triazine dendrimers were kindly provided by Dr.Eric Simanek, Texas Christian University




Endothelial cells
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Complement activation
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Complement activation 38 | ‘m tethaciogy

EUI'TIFIIE.‘ITIE.‘I"IE

"/‘/ =  Enhances B-cell responses to antigen

Monspecific clearance of pathogens Promotes T-call activation
= Promotes DC activation

: |

*  Hypersensitivity reactions *  Humoral immune response
= Anaphylaxis +  Cellular immune response

L

If particles are intended for If particles are intended for
s.c. 8 i.d. routes,

systemic administration
complement activation complement activation
Nanotechnology-based may benefit vaccine efficacy

should be avoided '
pharmaceuticals
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Fibrous carriers
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Fibrous Carriers induce IL-1 3 NCL ‘H-""‘:'Mh“t"'ﬁ'il:l"
Particle and Fibre Toxicology PRORE
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Long fibrous TiQO; nanoparticles enhanced endotoxin-mediated IL-1

Cationic dendrimers have similar property

Enhancemeant of endotoxin-mediated inflammation is a serious safety concern due to
common contamination of nanomaterials with bacterial LPS




IL-1 induction

Mechanism of IL-1 induction 3 HCL‘HEE‘H?&ILW

This property is beneficial for vaccines

It creates safety concerns for
biotechnology therapeutics

irecnde Foowth Fot 2, Fhesrosanne, M4 Frre P o——— i e

Fibrous and Cationic particles induce IL-1p through activation of NLRP3 inflammasome
triggered by a proton-sponge mechanism
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Cationic liposomes

Cationic Liposomes induce broad spectrum

of g ncL ‘H:’a;“m.;.a.;,

cytokines
Cationic Liposomes
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Cudidative stress is underying mechanism




Chemokine induction

Anionic liposomes induce chemokines 3 ”C'-‘H363’l5¥ﬂ‘fél'-=-=nv
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ROS, fold
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=
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o

* Induction of IL-8 by liposomes follows induction of oxidative stress and can
be prevented by antioxidant N-acetyl cysteine




Nucleic Acid Nanoparticles induce IFN

IFN induction
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IFN induction

Mechanism of IFN induction 3 NCI ‘u‘ﬁ-aﬂt‘c’-‘-ﬁ“é-'m
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APl immunotoxicity

Carrier contribution to APl immunotoxicity 3 NCL ‘H?r'-mnhv
f. + ©
m Manocarrier
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MNanocarriers may contribute to immunostimulation profile of API




Platform selection

Considerations for platform selection 3 NCL ‘H:;.‘?.::“hﬂ';rm

Desirable Propertes
= Iedhilition of TLR Signaling
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Immunotoxicity of both APl and nanocarrier should be considered.
=  Use immunologically reactive carrier when immunomodulation is wanted.
= Avoid such platforms when immunoreactivity is undesirable.
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Infusion reactions
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First Generation Liposomes & Infusion Reactions ﬁ NCL
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2"d generation liposomes

2nd Generation Liposomes Overcome Infusion % HCL‘ s ATHBNE 1o
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Allergenicity

nor Alliance ree
Nanotechnology

Allergenicity: DTH to dendrimers %NCL

A case of toxic epidermal
necrolysis-like
dermatitis evolving from

contact dermatitis of the
hands associated with
exposure to dendrimers

Contact Dermatitis 2008: 59: 122—-123

T. Toyama, H. Matsuda, I. Ishida, M. Tani,
S. Kitaba, S. Sano and |. Katayama

Department of Dermatology, Course of
Integrated Medicine, Graduate School of
Medicine, Osaka University, 2-2 Yamadaoka,
Suita, Osaka 565-0871, Japan

* Only one case of necrotizing dermatitis (type IV reaction) in response to dendrimers is reported in the
literature: fever, chills, exudative erythema and fused bullae (Nikolsky’s reaction)
* The mechanism is unknown



Immunogenicity
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Immunogenicity % NCL

ENM approved for clinical use
which resulted in antigenic

response
None
Research-grade ENM  J¢ |
for which antibody was generated =
* e
C70 .4 - g =
SWCNT | * Nanoparticles Can Be Engineered To: Lponse
PAMAM-dendri - Be (non)immunogenic one
Liposomes « Reduce imunogenicity of therapeutic proteins

< Enhance immunogenicity of proteins/peptides
/—\ » Accidental Nanoparticles # Nanomedicines

- - crenrcarrying ThPr
Accldental particles ' \/ ‘ and resulting in anti-ThPr

contributing to antigenicity O E
‘ None

of ThPr
Glass fibers
Cellulose fibers

Tungsten ENM carrying ThPr
Silicon Oil and not resulting in anti-ThPr
Rubber response
Stainless steel
Fluoropolymers PEG-gold-TNFa (Cyt6091)

Liposome-streptokinase
PS-liposome-Factor Vil

* - antibodies were generated ONLY after conjugation to protein carrier and injection in the presence of strong adjuvants
ENM = engineered nanomaterials; ThPr = therapeutic protein; SWCNT = single wall carbon nanotudbes: PAMAM = polyamadoamine: TNF = tumor necrosis factor
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Anti-PEG antibody
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Pre-existing anti-PEG antibody "
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Anti-inflammatory properties

Anti-inflammatory and

immunosuppressive properties

3 NCL I...:,;:.':r.:::;m

Indirect

1. Cavrfars for anti-infllammatory drugs
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1. Mmhibition of COX and pro-llemmatory signaling

Mechanism of Action
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Immunosuppression
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Immunosuppression 3 NCL ‘Hﬂﬂﬂ‘lﬂhnnln-n'.r

CTERL FH

- & L]

g ‘ .

] Ll R

: 3 -

: . T

CA Bl oo e
- s

Total Psoriasis Score

o
n  Hydmooortisons

= & P,
- % 2T

Hallﬂ Females
R 5 3 Topical application of Feraheme inhibits
Iron oxide nanoparticles [Feraheme) suppresses activation of T- loy nfi:;;:] . 5i_r.m = mouse el
cells wia a medhanism neoleing mitochondrial ROS in Qitro I
Shak ot ol Pranciky Moassshadiane, 2009 B

Zhak ar s Torkss gy st dgpded Fharmeaeadagy, 0158



Take home message

Take Home Message 3 NCI ‘H:;:ﬁ:‘;r."—:;w

Immunotoxicity can be GOOD or BAD
= Depends on whether it is desirable {(intended)
or undesirable (unintended)

= Manoparticles can be engineered to improve desirable
properties or to reduce undesirable ones

= Understanding SAR and mechanisms of toxicity can inform
creation of safe and efficient complex drug systems



Nanotechnology characterization lab

Nanotechnology Characterization Lab 3 NCL ‘H?émn'hr

FREE Service for cancer nanotechnology concepts, by application.
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Future directions

Future Directions = ?JEL‘H;fn'mnm?

Combirned Siralegies

=  Many directions available to cover gaps, overcome biological

barriers, improve delivery, safety&efficacy
=  Omne important direction — overcoming infusion reactions
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NCL immunology team
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